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(64) Apparatus and method for spot 
heat treating workplaces 

(67) As shown. In spot welding the 
anode structures of a succession of 
alkaline primary batteries 28 with a 
beam 22 of radiation generated by a 



stationary laser 24, the batteries are 
conducted along a circular work 
station in the form of a star wheel 
having the batteries 28 arranged 
arouhd a portion of its circumference, 
and an optical focusing system 26 is 
mounted for oscillation about the 
rotational axis of the star wheel In 
synchronous motion with each battery 
as It passes the laser, whereby the 
radiation beam Is fbcussed on small 
areas 5 of the anode structures to 
product a spot welds. The method 
may be applied to laser drilling, 
annealing or production of chemical or 
physical change. 
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SPECIFICATION f 
Synchronous arrangement and method for heat 
treating workpieces 

The present Invention relates in general to an 
5 arrangement and method for heat treating a 
workpiece in motion with a beam of energy or 
radiation and, more particulerty, pertains to an 
arrangement and method for utilizing a collimated 
laser beam to sequentially spot weld each of a 
1 0 plurality of moving workpieces which are 
successively conveyed through the laser beam. 

Charschan et al. U.S. Patent 4,1 51, 01 4, 
discloses a laser annealing arrangement in which 
a predetermined segment of a metallic workpiece 
1 5 is annealed to a controlled degree of temper by 
irradiating that portion with a pulsed laser beam. 
The intensity of the beam and/or the pulse width 
thereof is regulated so as to impart the controlled 
degree of temper to the pertinent portion of the 
20 workpiece. The pulsed laser allows heat to be 
selectively applied to a particular portion of the . 
workpiece in a manner which will rapidly elevate 
that portion to an annealing temperature. The 
prior art arrangement results in controlled 
25 annealing of one small portion of the workpiece 
with only negligible lateral conduction of heat into 
encompassing or adjacent areas of the workpiece. 
In the arrangement, a pulse from the laser is 
directed through a focusing lens onto the area of 
30 the workpiece which Is to be annealed. Thus, 
Charschan et al. Is directed to an annealing 
arrangement wherein all components of the 
system, including the workpiece, remain 
stationary throughout the annealing operation 
35 and, presumably after completion thereof, the 
selectively annealed stationary workpiece is 
removed and then replaced by another workpiece 
for a repetition of the annealing operation. 
Ralston et al. U.S. Patent 3,663,301 discloses 
40 an alkaline dry cell primary battery which 

incorporates a construction in which a spot weld is 
provided between an external circular anode plate 
and an internal anode collector so as to form a 
fixed connection between these elements. Various 
45 types of welding equipment have heretofore been 
utilized to perform this spot welding operation, 
however, all of these prior art arrangements 
necessitated the battery to be maintained 
stationary during the performance of the welding 
50 operation. The need for the stationary positioning 
of the battery during the spot welding operation 
imparted a limitation to these prior welding 
arrangements in thet it resulted in a relatively 
time-consuming and expensive welding operation. 
55 The usual economic goal of achieving low cost 
mass production and developing a higher rate of 
production output for each unit of time has always 
been a pressing and desirable factor in the 
development of cells of this type, Inasmuch as 
60 primary batteries are essentially "throw-away" 
products which are electrically depleted during 
normal usage and are discarded after the chemical 
components therein are essentially completely 
converted into an electrically inactive condition. 



65 Furthermore, the evolution and development of 
alkaline dry cells has resulted In the achievement 
of greatly Improved performance and power 
output in that type of cell which has led to the 
utilization thereof in many fields of application 

70 wherein primery electrical chemical cells had 
heretofore generally not been in common usage. 

Consequently, automating to a greater degree 
the spot welding operation which is performed 
between the Internal anode collector and the 

75 exterior element forming one terminal of this cell 
while conveying the cell through Its manufacturing 
apparatus represents a significant improvement in 
the state of the art of producing alkaline dry cell 
primary batteries, and facilitates the production of 

80 such batteries in a more cost effective and time 
saving manner. 

Accordingly, in order to overcome or 
substantially ameliorate the limitations 
encountered in the prior art, the present invention 

85 contemplates the provisiqn of a novel method and 
arrangement for treating a moving workpiece with 
a beam of radiation generated by a relatively 
stationary radiation source. In more precise detail, 
the present invention provides a method and 

90 arrangement for performing a spot welding 
operation on a plurality of primary batteries in 
which the batteries each have spot welds 
imparted thereto at predetermined locations as 
they are sequentially conveyed through the 

95 welding arrangements. 

Pursuant to one aspect of the invention, a novel 
arrangement and method are disclosed for the 
treatment of a moving workpiece with a beam of 
radiation which is generated as a collimated beam 

1 00 from a generally stationary radiation source. Each 
workpiece is conveyed In synchronism with an 
optical focusing system through the collimated 
beam of radiation, with the workpiece being 
essentially positioned at the focal point of the 

1 05 optical system. The arrangement is such that the 
collimated beam is directed so as to be focused on 
a single spot of the moving workpiece during the 
interval when the optical system and workpiece 
are conveyed in synchronism through the 

110 collimated radiation beam. 

Furthermore, In a preferred embodiment of the 
invention, the collimated beam of radiation Is 
generated by a laser which is operated in a pulsed 
mode, producing at least one pulse of collimated 

1 1 5 radiation for each workpiece conveyed through 
the laser beam. Moreover, in the disclosed 
embodiment of the invention, the laser produces a 
beam of radiation of sufficient intensity and pulse 
duration to produce a spot weld on each 

1 20 workpiece at the focal point of the focused beam. 
In addition thereto, the workpieces are conveyed 
in sequence past the laser, with a single optical 
system being periodically conveyed in 
synchronism with each workpiece along e 

1 25 predetermined short path of movement. The 
periodic movement of the optical system is 
produced by mounting the optical focusing system 
oscillating motion within the arrangement, and 
employing a rotatable cam adapted to periodically 
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oscillate the optical focusing system In 
synchronism with each workplace which is 
conveyed through the laser beam. More 
specifically, the workpieces are conveyed along a 
5 continually rotating circular work station with the 
workpieces being arranged about at least a 
portion of the circumference thereof, and with the 
optical focusing system being mounted for 
reciprocation or oscillation about the axis of 

1 0 rotation of the circular work station in 
synchronism with the movement of each 
workplace as the latter Is subjected to the laser 
beam. The disclosed embodiment Is specifically 
and advantageously adapted for operation with 

1 5 workpieces in the nature of alkaline batteries, the 
anode external terminal plate of each of which is 
to be spot welded to an internal anode collector, 
and wherein the circular work station positions the 
anode plate of each battery at the focal point of 

20 the optical system. 

Accordingly, it is a primary object of the present 
invention to provide a method and arrangement 
for spot welding components of primary alkaline 
batteries while the batteries are continuously 

25 conveyed through the arrangement. In order to 
attain this object, a stationary laser generates a 
collimated pulsed beam of radiation which Is 
focused onto a spot on the anode terminal plate of 
each alkaline battery through the intermediary of 

30 an optical focusing system which is conveyed in 
synchronism with the movement of each.battery 
as the latter is conducted through the laser beam, 
thereby spot welding the anode terminal plate to 
the internal anode collector without necessitating 

35 any disruption in the continuous movement of the 
battery through the arrangement 

The foregoing and other objects and 
advantages of the novel heat treatment 
arrangement and method pursuant to the present 

40 invention may be readily understood by one skilled 
in the art, reference now being had to the 
f ol lowing detailed description of a preferred 
embodiment of an arrangement, taken in 
conjunction with the accompanying drawings 

45 wherein identical reference numerals referto 
similar elements throughout the several views; 
and in which: 

Figure 1 is a perspective view of an alkaline dry 
cell battery illustrating the anode terminal at the 

50 top thereof which Is to be spot welded to an 
internal anode collector pursuant to the present 
Invention; 

Figure 2 is a partially sectional view of the 
anode structure of the battery, illustrating the 
55 several anode components thereof which are to be 
spot welded together; 

Figure 3 schematically Illustrates an optical 
focusing system representative of a beam of 
collimated radiation being directed onto the area 
60 to be spot welded while the optical focusing 
system and workpiece are conveyed in 
synchronism through the apparatus; 

Figure 4 is a right end view schematically 
illustrating the principle of operation of the spot 
65 welding arrangement of the present invention; 



Figure 5 illustrates an elevational view of one 
embodiment of an arrangement for conveying 
successive workpieces and an optical focusing 
system for a pulsed laser beam in synchronism 
70 during the spot welding operation; and 

Figure 6 is en elevational left end view of the 
apparatus of Figure 5, illustrating further details of 
the overall arrangement. 

Referring to the drawings in detail. Figure 1 
76 Illustrates an alkaline dry cell battery 1 0, such as is 
disclosed in Ralston et al. U.S. Patent 3,663,301 , 
and whfch Is a workpiece of the type upon which a 
spot welding operation is to be performed in 
accordance with the teachings of the present 
80 invention. The dry cell Includes an internal anode 
collector 1 2 constituted of a nail shaped element 
having a flat head 1 4, an elongated shank 1 6, and 
a downwardly converging, tapered pointed end 
1 8. A disc-like flanged plate 20 forms the exterior 
85 anode of the battery, and is arranged in 

superposition upon and spot welded to the flat 
head 1 4 of the anode collector during the 
manufacture of the cell. 

The present invention is specifically 
90 contemplated to perform the spot welding 

operation on the type of alkaline battery Illustrated 
in Figures 1 and 2, although it should be 
appreciated that operations performed in 
accordance with the teachings of the present 
95 Invention are not limited to spot welding, and may 
include annealing operations of the type disclosed 
by Charschan et al. U.S. Patent 4,1 5 1,014. The 
invention may also be utilized to burn a hole in a 
workpiece, or to merely concentrate or focus a 

1 00 small spot of heat thereon so as to produce a 
localized chemical or physical reaction therein. 

Figures 3 and 4 illustrate the principle of 
operation of the present invention. Referring first 
to Figure 3, a collimated beam of radiation 22 is 

1 05 generated by a laser 24, and Is directed onto a 
moving lens 26 behind which there is positioned a 
moving workpiece 28 at the focal point 30 of the 
l.ens. In accordance with a preferred embodiment, 
the laser is operated in a pulsed mode by a pulse 

1 1 0 control circuit 31, operated each time a workpiece 
is properly positioned in the arrangement, as 
described herein below in greater detail. During 
operation of the present invention, the lens 26 and 
workpiece 28 are conveyed in synchronism 

1 1 5 (direction of arrows A) through the laser beam, as 
indicated by the positions of the elements first at 
26, 28 and 30 and later at 26', 28' and 30'. In this 
arrangement, the area S of the workpiece which is 
to be spot welded Is continually positioned at the 

1 20 focal point of the lens 26. 

In accordance with classical optical principles, a 
collimated beam of light directed along the optical 
axis of an optical system is focused at the focal 
point thereof regardless of whether the collimated 

125 beam of light is centered at the optical axis or in 
incident upon the optical system at a region 
located along the outer periphery thereof. Thusly, 
with the workpiece 28 positioned at the focal 
point of lens 26 and with the lens and workpiece 

1 30 moving in synchronism orthogonally relative to the 



colllmated beam, the radiation remains focused on 
one fixed spot on the surface of the workplace. As 
the lens and workpiece first enter the collimated 
beam of light along one peripheral edge, are then 
5 conveyed in synchronism therethrough in a 
manner wherein the collimated beam is incident 
along the optical axis of the lens, and are further 
conveyed such that the collimated beam of light is 
incident upon the opposite peripheral edge of the 

1 0 lens, the radiation wiH always be focused at the 
focal point of the lens at one fixed spot on the 
workpiece. Consequently, when the laser beam is 
sufficiently intense and the synchronously moving 
lens system and battery are maintained within the 

1 5 collimated beam of light for a sufficiently lengthy 
duration of time, the focused radiation will spot 
weld the area of the battery at the focal point of 
the lens. 

In accordance with one embodiment or tne 
20 present invention, the laser 24 is pulsed Nd: YAG 
(neodymium :yttrium aluminum garnet) laser 
operating at a wavelength of 1 060 nanometers 
produces pulses of radiation at a pulse repetition 
rate of approximately three hundred per minute 
25 with a pulse energy of 4 to 1 0 joules and a pulse 
width of three to five milliseconds. 

Figure 4 ts a schematic illustration of the 
operation of the present invention wherein a work 
station consisting of a star wheel 32 having.a 
30 plurality of paddle-shaped projections 34 spaced 
about its circumference is mounted for rotation on 
a shaft 36 in direction of arrow A. The star wheel 
32 is adapted to receive and precisely position 
alkaline cells 10 between adjacent projections 34. 
35 An optical lens 26 is mounted by an arm 38 for 
reciprocation or to and fro oscillation about the 
same shaft 36 on which the star wheel rotates. A 
cam follower arm 40 extends at an approximately 
90° angle from the arm 38 holding the lens 26 so 
40 as to form a generally angle-shaped lever arm. A 
cam follower roller 42 is mounted near the end of 
the cam follower arm 40 and is biased into 
contact with the camming surface of a rotating 
cam 44 by a tension spring 46. The speed of 
45 rotation of the cam 44 is mechanically 

synchronized with the speed of rotation of the star 
wheel 32 so that the cam 44 rotates one 
complete revolution for each workpiece which 
passes past the lens 26. 
50 During the operation of the arrangement laser 
24 is positioned in the plane of the drawing of 
Figure 3, and directs a laser pulse through lens 26 
onto each workpiece conducted through the laser 
beam by the projections 34 on the star wheel 32. 
55 The contact of roller 42 with the surface of the 
cam 44 causes the lens 26 to oscillate as to move 
in synchronism with the workpiece for a 
predetermined time interval while the workpiece is 
located in the beam of the laser so that the pulse 
60 of the laser radiation remains focused by the lens 
to a point spot on the surface of the workpiece, 
thereby forming a spot weld at that location 
(Point S In Figure 2) as the workpiece is 
conducted over the top of the star gear. After 
65 completion of the welding operation on one 



workpiece, the rapidly rotating cam 44 causes the 
lens 26 to pivot counterclockwise (as shown In 
Figure 3) under the biasing effect of spring 46 so 
as to align itself with the subsequent workpiece ■ 
70 being conducted towards the top of the star wheel 
32 by a successive projection 34. The lens then 
moves in synchronized or aligned motion with that 
workpiece while a pulse of laser radiation is 
transmitted through the former from the 
75 stationary laser 24 to effect the spot welding 
thereon. This operation is then repeated with each 
successive workpiece. 

An arrangement implementing the principles of 
operation of the present invention as shown in 
80 Figures 3 and 4 Is illustrated in Figures 5 and 6. 
The arrangement includes a pair of parallel spaced 
star wheels 32, distanced apart by somewhat less 
than the length of an alkaline cell, on the right 
hand end of a rotating shaft 36. Left and right 
85 mounting frame plates 48 form a frame for the 
machine and the rotating shaft 36 Is Journaled 
therebetween. Lens 26 is rotationally supported 
' on the rotating shaft by a journal bearing 49 
mounted on the shaft in a manner such that the 
90 journal and lens supported thereby are free to 
rotate about the shaft but do not rotate therewith. 
Arm 38 supports the lens mounting structure 50 
for pivotal movement about the Journal bearing 49 
in a manner similar to the arrangement shown in 
95 Figure 4. Lens 26 is supported in a suitable lens 
mounting structure 50 and may, for Instance, 
include an O-rlng mounted along the 
circumference of the lens. A lens shield 52 
projects to the left in the direction from which the 
1 00 laser beam Is incident thereon, although In 
alternative embodiments the shield may be 
modified or even omitted entirely. 

Both mounting frame plates 48 include through 
apertures 54 so as to allow the collimated 
1 05 radiation beam generated by laser 24 to pass 
through the focusing lens 26 towards the 
workpiece 1 0 which held in position by the 
projections 34 on the adjacently spaced star 
wheels 32. A cam follower arm 40 projects out of 
110 the plane of the drawing as shown in Figure 4, and 
a cam follower roller 42 carried thereby is biased 
against the camming surface of a rotating cam 44 
by a tension spring 46 having the respective ends 
thereof fastened to a mounting lug 56 on the cam 
1 1 5 follower arm 40 and to a second mounting lug 58 
mounted on the left frame plate 48. The mounting 
and cam follower arms 38 and 40 are shown to 
appear slightly different in Figure 4 and 6 as 
Figure 4 is primarily a schematic illustration of the 
1 20 arrangement intended to merely demonstrate the 
principles of the operation of the present 
invention. Also, cam follower arm 40 projects 
oppositely in Figures 4 and 6 since those drawings 
represent, respectively, right and left end views of 
125 the arrangement. 

As illustrated In both Figures 5 and 6, a 
relatively large-diameter drive gear 60 Is fixedly 
mounted on shaft 36 such that it is carried in 
rotation therewith, and drives a gear belt 62 which 
1 30 extends to a relatively small-diameter drive gear 
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64 fixedly mounted on a shaft 66 in a rotational 
drive speed step-up arrangement 

In this rotational speed step-up arrangement, 
the shaft 66 on which the reduced diameter gear 
5 64 is mounted rotates at a faster but synchronized 
rate relative to the first shaft 36. A second 
relatively large-diameter drive gear 68 is fixedly 
mounted on the second shaft 66 for rotation 
therewith, and drives a second drive belt 70 which 

1 0 extends to a second relatively small-diameter gear 
72 fixedly mounted on a third shaft 74. The overall 
speed step-up arrangement described 
hereinabove causes the third shaft 74 to rotate in 
synchronism with the first and second shafts but 

1 6 at a faster rate than the second shaft. The 

diameter and number of teeth on gears 60, 64, 68 
and 72 are selected to cause the third shaft 74 to 
rotate one complete revolution for each workplace 
station or projection 34 on the star wheels 32 

20 which passes the optical axis of the laser beam. 
Accordingly, cam 44 is placed in rotation by the 
shaft 74 so that the synchronized cam rotates one 
complete revolution for each workpiece 10 
passing through the focused laser beam 22. In 

25 alternative embodiments there may be employed 
other types of drive gear arrangements, 
consideration being given to the requirement that 
rotation of the cam must be synchronized with 
rotation of the workpiece support, and in which 

30 the cam must rotate one complete revolution for 
each workpiece station traversing the laser beam. 

In further embodiments it is possible to 
contemplate that there may be utilized other 
sources of radiation, such as a MASER, operating 

35 at different frequencies of the electromagnetic 
spectrum. Moreover, alternative kinds of focusing 
systems, such as a reflective system, may also- be 
implemented herein, and the choice of system to 
some degree will depend upon the wavelength of 

40 radiation being employed in the arrangement 

In its simplest form, the lens system is a single 
element fens, and is positioned whereby the 
distance between the lens 26 and a workpiece 1 0 
positioned in the laser beam by the dual 

45 arrangement of star wheels 32 equals the focal 
length of the lens. In this regard, a circular plate 
75, dimensioned to allow the focused beam to 
pass therethrough, may be positioned adjacent to 
the star wheel 32 closest to the laser beam to 

50 precisely position the anode plate of the 

workpiece against plate 75 at the focal point of 
the beam. 

Figure 6 illustrated a gravity feed workpiece 
ramp 76 at the left side of the star wheel 32 on 

55 which batteries which are to be spot welded roll 
down into the workpiece receiving stations formed 
between adjacent projections 34 along the 
circumference of the star wheels. A second gravity 
feed ramp 78 receives the alkaline cells from the 

60 star wheels 32 after completion of the spot 
welding operation. Each of the ramps 76, 78 may 
be positioned within the space defined 
intermediate the two spaced star wheels 32. 
While a preferred embodiment of the present 

65 invention and several modifications thereof have 



been described in detail, it should be apparent to 
one of ordinary skill in the art that many other 
embodiments are encompassed within the scope 
of the invention. More specifically, operations 

70 performed in accordance with the present 

invention are not limited to spot welding, and may 
include selective annealing operations, in effect, 
operations in which e hole is selectively burned in 
a workpiece, or operations wherein a small spot of 

75 heat is generated on the surface of a workpiece to 
cause a localized chemical or physical reaction at 
that location. 

CLAIMS 

1 . Arrangement for treating a moving 

80 workpiece with a beam of radiation, including 
stationary means in said arrangement for 
generating a generally collimated beam of said 
radiation and projecting said beam towards said 
workpiece; means for conveying said workpiece 

85 through said beam of radiation; an optical 
focusing system positioned to project the beam 
from said beam generating means towards said 
moving workpiece, said workpiece being 
substantially located in the plane of the focal point 

90 of said optical focusing system; and means for 
moving said optical focusing system in 
synchronism with said workpiece while said 
workpiece traverses said beam of radiation 
whereby said optical focusing system focuses said 

95 beam on a single spot on said workpiece for a 
predetermined period of time. 

2. Arrangement as claimed in claim 1 , said 
generating means Including laser means for 
producing said collimated beam of radiation. 

1 00 3. Arrangement as claimed in claim 2, including 
means for operating said laser means in a pulsed 
mode to produce at least one pulse of collimated 
radiation for each workpiece conveyed through 
said beam. 

1 05 4. Arrangement as claimed in any one of the 
preceding claims, said generating means 
producing an intense beam of said collimated 
radiation for spot welding said workpiece at the 
focal point of said beam. 

110 5. Arrangement as claimed in any one of the 
preceding claims, said means for conveying a 
workpiece including means for sequentially 
conveying a plurality of said workpleces through 
said beam of radiation, said means for moving said 

115 optical focusing system including means for 
oscillating said optical focusing system in optical 
alignment with said each workpiece during 
movement of the latter through said beam. 

6. Arrangement as claimed in claim 5, said 

1 20 conveying means including a rotatable circular 
work station having projecting means for arcuately 
conveying said workpiece along its circumference, 
focusing system being mounted for oscillation 
about an axis; and cam means operatively 

1 25 engaging said means for moving said optical 
focusing system for periodically oscillating said 
optical focusing system In synchronism with said 
moving workpleces. 

7. Arrangement as claimed in claim 6, said 
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optical focusing system being mounted for 
oscillation about the axis of rotation of said 
circular work station. 

8. Arrangement as claimed in any one of the 
5 preceding claims, each said workpieces being a 

battery having an extern*! anode terminal plate 
adapted to be spot welded to an internal anode 
collector by said beam; said conveying means 
Including means for positioning the anode plate of 
1 0 each said battery at substantially the focal point of 
said optical focusing system. 

9. A method for treating a moving workplace 
with a beam of radiation. Including generating a 
generally colllmated beam of radiation with 

1 5 stationary radiation generator; conveying said 
workplace through said beam of radiation; and an 
optical focusing system for projecting said beam 
towards said workplace from said radiation beam 
generating means while said workplace traverses 

20 said beam, said optical focusing system and said 
workplace being moved In synchronism through 
said beam so as to focus said beam of radiation 
onto a single spot on said workplace for a 
predetermined period of time. 

25 1 0. A method as claimed in claim 9, Including 
utilizing a laser to produce said colllmated beam of 

radiation. . ^_ t , _ 

1 1 . A method as claimed in claim 1 0, including 
operating said laser in a pulsed mode to produce a 

30 pulse of collimated radiation which is directed 
through said optical focusing system onto the 

workplece. ..«-«' 

1 2. A method as claimed in claim 1 0 or 1 1 , 



including spot welding said workplece through 
35 said focused beam of colllmated radiation. 

1 3. A method as claimed in any one of claims 9 
to 12, Including sequentially conveying a plurality 
of said workpieces through said beam of radiation; 
and oscillating said optical focusing system In 

40 synchronism and optical alignment with each 
workplece during said period of time. 

1 4. A method for treating a moving workplece 
as claimed In any one of claims 9 to 1 3, Including 
sequentially conveying said workpieces to a 

45 circular work station, rotating said circular work 
station while oscillating said optical focusing 
system In synchronism with the workpieces on 
said work station so as to focus said beam on said 
single apot on one said workplace. 

50 15. Amethod as clalmedTn claim 1 4, Including 
oscillating said optical focusing system about the 
axis of rotation of said circular work station. 

1 6. A method as claimed In any one of claims 9 
to 1 5, wherein each said workplece is a primary 

55 battery having multlcomponent anode structure. 
Including spot welding the components of said 
anode structure of each said primary battery 
through said focused beam of radiation. 

1 7. Arrangement for treating a moving 

60 workplece with a beam of radiation substantially 
as herein described with reference to the 
accompanying drawings. 

1 8. A method for treating a moving workplece 
with a beam of radiation substantially as herein 

65 described with reference to the accompanying 

drawings. 



for Her Majesty* Stationery Office by the Courier PfW 

26 Southampton Buildings, London. WC2A I AY, from 



1S81 
may be 



Published by the Patent Office. 



